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Editorial on the Research Topic
Functional approach to neurosurgery: current research and future
perspectives

In recent years, neurosurgery has shifted toward a “functional approach,” emphasizing the

preservation of neurological function in every procedure. Traditionally, functional

neurosurgery involved modulating the nervous system to manage conditions such as

movement disorders, chronic pain, or epilepsy. However, this approach has expanded

into other domains: in neuro-oncology, preserving postoperative function is associated

with improved survival rates in patients with both lower grade and malignant gliomas,

and the broad use of intraoperative neuro-monitoring (IONM) and brain mapping

techniques enables safer tumor resections. Routine use of IONM in vascular and spine

surgery has also improved functional outcomes. Advances in artificial intelligence,

machine learning, and connectomics further enhance the potential for understanding

neural networks and improving neurosurgical outcomes.

This special issue highlights the importance of innovations stemming from the

functional approach, showcasing its applicability across various fields. Pérez-Cruz et al.

emphasize the significance of enhancing preoperative training for the next generation of

neurosurgeons. They propose a new technique involving latex injection of the vascular

system in brain and head-neck segments in cadaveric specimens, replacing resins and

silicone for microvascular study and training (1, 2). This approach allows for greater

realism in vascular perfusion, enabling improved visualization of small vessels, and

offers potential benefits in areas like microvascular decompression training, skull base

surgery simulation, and endoscopic skills development.

In the quest to optimize the quality and utilization of IONM—now essential for many

neurosurgical procedures—Yang et al. evaluated the effect of dexmedetomidine, often used

as an adjunct to total intravenous anesthesia (TIVA), on the risk of masking neurological

deficit warnings in intraoperative monitoring (3, 4). They particularly assessed its effects

on transcranial motor-evoked potentials (TcMEPs) and somatosensory-evoked

potentials (SSEPs). The authors demonstrated that dexmedetomidine does not

significantly impact motor and sensory outcomes in patients undergoing craniotomy, as
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there is no statistical association between its use in patients

undergoing IONM and changes in SEPs and MEPs. However, an

association was found with a decrease in TcMEPs, although a

similar decrease was observed in the contralateral non-operated

side. This finding does not affect surgical outcomes but aids in

interpreting potential bilateral intraoperative decreases in TcMEPs.

Two articles focused on investigating the benefits of utilizing

innovative tools and surgical techniques in non-conventional yet

functionally effective ways. Battistelli et al. described two cases in

which Wiltse approach, a traditional anatomical approach to the

far lateral spinal compartment conducted via dissection of the

medial multifidus and lateral longissimus muscles (5, 6), was

performed with O-arm CT neuronavigation and IONM. A left

lumbar intra-extraforaminal schwannoma and an extraforaminal

lumbar disc herniation at the adjacent level of previous lumbar

instrumentation were operated in this way. The authors noted

several advantages, including minimal intraoperative bleeding,

shorter hospital stays, and low infection rates compared with a

standard midline approach. As with any CT-neuronavigation

procedure, patient reference placement is a critical error source:

it should be positioned on the nearest spinous process relative to

the surgical level to enhance navigation accuracy, reinforcing its

significant utility in spinal pathology. Lu et al. proposed the use

of endoscopy in the surgical management of intracerebral

hematomas, introducing a new minimally invasive endoscopic

removal technique for intracerebral hemorrhage. This technique

employs a novel contact endoscope to assist surgeons in locating

the hematoma under direct vision through a portable and

contact neuro-endoscope (7). The direct visualization allows for

minor adjustments to the puncture direction during the

operation, ensuring precise positioning and reducing the risk of

blood vessel puncture and deviation in the puncture site.

In some cases, a functional approach in neurosurgery can

improve the prediction of the disease outcomes. Sun et al.

demonstrated this fact by examining brain volume with 3D-Slicer

software at two time points post-hemorrhage (within the first

24 h and between 24 and 48 h after aneurysmal subarachnoid

hemorrhage, aSAH). They found that elevated brain swelling was

more strongly associated with delayed cerebral ischemia (DCI) in

the group experiencing swelling than in the non-swelling group

(8). Additionally, the risk association was directly proportional.

This study suggests that the swelling rate of brain volume

(SRBV) could serve as a surrogate numerical indicator of early

brain injury (EBI) in the initial phase, potentially predicting DCI

occurrence. Higher SRBV in the early stages of aSAH was linked

to increased DCI incidence compared with lower SRBV.
Frontiers in Surgery 02
Finally, Battistelli et al. conducted a review demonstrating that

artificial intelligence (AI) is emerging as an increasingly widespread

tool in medicine for enhancing diagnostic accuracy, treatment

selection, and drug development (9, 10). Its application to

pathologies with poorly understood etiologies, such as trigeminal

neuralgia, could be pivotal in creating algorithms that guide

surgical indications in a personalized manner. As the authors

highlighted, the development of software dedicated to trigeminal

neuralgia is already enabling us to obtain critical preoperative

data on the role of neurovascular conflict, and future research

appears promising in defining its role in prognosis estimation

and recurrence predictability by combining radiomics data with

clinical findings and data collected intraoperatively through

intraoperative monitoring.
Author contributions

NM: Conceptualization, Supervision, Visualization, Writing –

original draft, Writing – review & editing. RM:

Conceptualization, Data curation, Visualization, Writing –

original draft, Writing – review & editing. QD’A: Data curation,

Writing – original draft, Writing – review & editing. AI: Data

curation, Writing – original draft, Writing – review & editing.

MD’E: Data curation, Validation, Writing – original draft,

Writing – review & editing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Dashner RA, Clark DL, Kangarlu A, Baudendistel KT, Chakeres DW. Epoxy-resin
injection of the cerebral arterial microvasculature: an evaluation of the limits of spatial
resolution in 8 tesla MRI. Clin Anat. (2005) 18(3):164–70. doi: 10.1002/ca.20070

2. Alvernia JE, Pradilla G, Mertens P, Lanzino G, Tamargo RJ. Latex injection of
cadaver heads: technical note. Neurosurgery. (2010) 67:ons362–67. doi: 10.1227/
NEU.0b013e3181f8c247
3. Agarwal N, Shabani S, Huang J, Ben-Natan AR, Mummaneni PV. Intraoperative
monitoring for spinal surgery. Neurol Clin. (2022) 40(2):269–81. doi: 10.1016/j.ncl.
2021.11.006

4. Gunter A, Ruskin KJ. Intraoperative neurophysiologic monitoring.
Curr Opin Anaesthesiol. (2016) 29(5):539–43. doi: 10.1097/ACO.
0000000000000374
frontiersin.org

https://doi.org/10.3389/fsurg.2024.1433273
https://doi.org/10.3389/fsurg.2024.1351291
https://doi.org/10.3389/fsurg.2024.1467154
https://doi.org/10.3389/fsurg.2023.1310414
https://doi.org/10.1002/ca.20070
https://doi.org/10.1227/NEU.0b013e3181f8c247
https://doi.org/10.1227/NEU.0b013e3181f8c247
https://doi.org/10.1016/j.ncl.2021.11.006
https://doi.org/10.1016/j.ncl.2021.11.006
https://doi.org/10.1097/ACO.0000000000000374
https://doi.org/10.1097/ACO.0000000000000374
https://doi.org/10.3389/fsurg.2024.1533526
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Montano et al. 10.3389/fsurg.2024.1533526
5. Guiroy A, Sícoli A, Ng M, Am C, Gagliardi M, Falavigna A. How to perform the
wiltse posterolateral spinal approach: technical note. Surg Neurol Int. (2018) 9(1):38.
doi: 10.4103/sni.sni_344_17

6. Ulutaş M, Yaldız C, Seçer M, et al. Comparison of wiltse and classical methods in
surgery of lumbar spinal stenosis and spondylolisthesis. Neurol Neurochir Pol. (2015)
49(4):251–7. doi: 10.1016/j.pjnns.2015.06.005

7. Chen SG, Lei CX, Zheng HY, et al. Image-guided endoscopic surgery for
spontaneous supratentorial intracerebral hematoma. J Neurosurg. (2017)
127(3):537–42. doi: 10.3171/2016.7.JNS16932
Frontiers in Surgery 03
8. Choi HA, Bajgur SS, Jones WH, et al. Quantification of cerebral edema after
subarachnoid hemorrhage. Neurocrit Care. (2016) 25(1):64–70. doi: 10.1007/
s12028-015-0229-3

9. Hao W, Cong C, Yuanfeng D, et al. Multidata analysis based on an artificial
neural network model for long-term pain outcome and key predictors of
microvascular decompression in trigeminal neuralgia. World Neurosurg. (2022) 164:
e271–9. doi: 10.1016/j.wneu.2022.04.089

10. Ge X, Wang L, Pan L, et al. Risk factors for unilateral trigeminal neuralgia based
on machine learning. Front Neurol. (2022) 13:862973. doi: 10.3389/fneur.2022.862973
frontiersin.org

https://doi.org/10.4103/sni.sni_344_17
https://doi.org/10.1016/j.pjnns.2015.06.005
https://doi.org/10.3171/2016.7.JNS16932
https://doi.org/10.1007/s12028-015-0229-3
https://doi.org/10.1007/s12028-015-0229-3
https://doi.org/10.1007/s12028-015-0229-3
https://doi.org/10.1007/s12028-015-0229-3
https://doi.org/10.1007/s12028-015-0229-3
https://doi.org/10.1016/j.wneu.2022.04.089
https://doi.org/10.3389/fneur.2022.862973
https://doi.org/10.3389/fsurg.2024.1533526
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Editorial: Functional approach to neurosurgery: current research and future perspectives
	Author contributions
	Conflict of interest
	Publisher's note
	References


